Crackles are non-musical lung sounds of short duration, in the past referred to variously as rales, moist sounds, and crepitations. They may occur at any time during inspiration or expiration. From a preliminary clinical study it was observed that crackles occurred early in some patients and late in others. Is the timing of inspiratory crackles of clinical and physiological significance? In an attempt to answer this question a recording of lung sounds in defined groups of patients was compared with the clinical, radiological, and functional findings in each case.
METHODS
The lung sounds were recorded using a crystal microphone in an aluminium cup with a suction chamber fixed on the posterior chest wall 5 cm above the costal margin. The output of the microphone was amplified and displayed on one channel of a UV recorder (S.E. Type 30006/DL). The sound amplifier incorporated a variable high pass filter which permitted low frequency cut-off up to 600 Hz. The frequency response of the microphone, amplifier, and the recording system was ±1dB from 200 to 2000 Hz. The inspiratory flow rate was simultaneously recorded at the mouth with a Fleisch pneumotachograph connected to a differential pressure manometer (Mercury Electronics Type M6) and the output was displayed on a second channel of the recorder. The flow rate signal at zero flow was superimposed on the sound signal. Thus the start and finish of inspiration was marked off by the flow signal as it crossed the souind signal ( Fig. 1) .
In all patients spirometric tests and radiological examination were carried out.
PATIENTS
Two groups of patients were studied. In the first group (Table I) were 56 patients selected because on clinical examination, confirmed by the phonopneumogram, they were found to have inspiratory crackles. These crackles were classified as early or late: Early inspiratory crackles appear shortly after the start of inspiration and do not continue beyond the first half of inspiration (Fig. 1) . In contrast, late inspiratory In 20 of the 44 patients selected because of spirometric evidence of airways obstruction and a clear chest radiograph, early inspiratory crackles were heard and confirmed by phonopneumogram. In these 20 patients with early inspiratory crackles the FEV,/VC ratio was less than 45% in all but one. In contrast, in the 24 patients without inspiratory crackles, the FEV,/VC ratio was more than 45% in all but two (Table II) .
Thus early inspiratory crackles were associated with a low FEV,/VC ratio in two groups of patients, one selected by auscultation and the other by spirometry.
DISCUSSION
In the most important study of lung sounds since Laennec, Forgacs (1967) (Macklem, Fraser and Brown, 1965) . In the subsequent inspiration a small transpulmonary pressure would then be required to pull these airways open.
A common feature of restrictive lung disorder due to fibrosis, infiltration or oedema is that the lung is partially deflated and this predisposes to the closure of peripheral airways. The distribution of airway closure is gravity dependent. The basal alveoli of a normal lung deflated to residual volume inflate late in inspiration, and these basal airways are first to close towards the end of expiration (Dolfuss, Milic-Emili, and Bates, 1967) . Unlike the early inspiratory crackles of airways obstruction, the late inspiratory crackles are usually more profuse, gravity dependent, and only rarely transmitted to the mouth. We suggest that late inspiratory crackles originate in peripheral airways, each crackle representing abrupt opening of a single airway. The opening pressure developed later in inspiration is sufficient to produce showers of crackles.
In addition to timing of crackles in inspiration, further differentiating features between early and late inspiratory crackles can be readily elicited at the bedside (Table IV) . Early inspiratory crackles are typically scanty but may be loud or faint. They are heard at one or both lung bases and are usually well transmitted to the mouth (Fig. 5 ). An important feature of these crackles is that they (Fig. 6 ) but in later stages they are independent of posture.
The timing of inspiratory crackles is clinically helpful. Attention to their number, distribution, and transmission and to the effect of cough and change in posture provide useful information about the functional state of the lung. 
